IMPORTANCE Adolescents in the juvenile justice system are at high risk for sexually transmitted infections (STIs). Concurrent use of alcohol and cannabis increase this risk.
Y oung people aged 15 to 24 years bear a disproportionate share of the burden of sexually transmitted infections (STIs). 1 Adolescents involved in the US juvenile justice system are at increased risk for STI 2 owing, in part, to higher rates of sexual risk behavior and alcohol and cannabis use than their non-justice-involved peers. 3 Effective interventions are needed to assist this vulnerable population in the prevention of STI and associated complications. It is well recognized that behavior change interventions based on behavioral science theory are more efficacious than those interventions not based on theory. 4 Our program of research thus uses the theory of planned behavior (TPB) 5 as the basis for the development of intervention content. The TPB posits that intentions to engage in a behavior (eg, condom use) are the most proximal determinants of behavior. Intentions, in turn, are facilitated by positive attitudes toward the behavior, perceived normative support for the behavior, and a feeling of confidence that one can engage in all the steps necessary to perform the behavior (ie, self-efficacy). A recent meta-analysis showed that in randomized controlled trials where attitudes, norms, and self-efficacy are changed, significant changes in behaviors, including risky sexual behavior, occur. 6 Despite the many strengths of the TPB, it does not provide guidance on the optimal method of delivery of behavior change content. One validated approach to encouraging behavior change in adolescents is motivational enhancement therapy (MET), a method adapted from motivational interviewing (MI). 7 Although there is debate about how it operates within this age group, 8, 9 MI and MET have both been
shown to reduce substance use and risky sexual behavior in adolescents. 10, 11 Motivational enhancement therapy focuses on developing ambivalence, which is expected to result in participants favoring the pros over the cons of behavior change (analogous to the attitudes construct in TPB), seeing that their peers engage in and approve of behavior change (norms in TPB), and encouraging confidence in their ability to change (selfefficacy in TPB). Thus, MET may be a particularly powerful delivery method for TPB content. 12 Previously, two of us (A.D.B., S.J.S.) found that a didactic theory-based sexual risk-reduction intervention (SRRI) that included a segment on alcohol-focused content delivered in an MET format (SRRI + ETOH), resulted in lower rates of sexual risk behavior 11 and higher rates of condom use 12 compared with SRRI or an information-only control.
However, outcome data were self-reported; substance use content was confounded with delivery method (SRRI was delivered in a completely didactic format, whereas SRRI + ETOH was delivered with a combination of didactic and interactive MET format); and cannabis-focused content was not included. Incorporating cannabis-focused content into the previously successful SRRI + ETOH intervention is well supported empirically and from a policy perspective given recent changes in the legalization of cannabis, 13 decreased perceptions of its risks, 14 and high rates of use among adolescents. 15 In an observational longitudinal analysis, 16 728 adolescents (67% male) on probation were followed up for 2 years at intervals of 6 months to explore the association of cannabis use and condom use longitudinally and at a specific intercourse occasion. Results indicated that greater frequency of cannabis use at baseline was associated with a steeper decline in condom use over the 2-year study. In-depth analysis of the most recent intercourse occasion demonstrated that condom use was less likely if the participant or his or her partner was using cannabis. A recent meta-analysis summarizes existing work in this area and concludes that alcohol and cannabis use are each independently associated with risky sexual behaviors, including condomless sex and a higher number of sexual partners in adolescents. 17 Given the links in the scientific literature between cannabis use and risky sexual behavior, we hypothesized that an intervention to reduce risky sexual behavior that included alcohol use and cannabis use content would be the most successful. Related work in the domain of interventions to reduce sexual risk associated with substance use has often been limited methodologically by not including a comparison condition 3 and/or by confounding content and delivery mode. 4 Donenberg and colleagues 18 showed promising results with a pilot intervention that targeted mental health, substance use, and sexual risk among 54 probated adolescents; however, their study lacked a control or comparison condition. Tolou-Shams et al 19 assessed an intervention addressing the role of affect regulation and management in adolescent substance use and sexual risk among 44 adolescents from a juvenile drug court program. The affectmanagement intervention involved the family and the adolescent in interactive discussions, whereas the intervention that did not contain affect-management content included didactic educational content delivered only to the adolescent. The present study advances this area of research through the use of a large sample, meaningful comparison conditions, and the same delivery method (MET) in all 3 interventions; the only difference in the interventions was the presence and quantity of substance use content. Based on previous work, 11, 12 we hypothesized that a single-session SRRI including both alcohol-and cannabis-related content (SRRI + ETOH + THC) would lead to lower STI incidence than SRRI + ETOH or SRRI alone. Because the intervention was delivered in a group format, we evaluated this hypothesis in a cluster randomized clinical trial.
Key Points
Question Does a behavioral intervention to reduce sexual risk among justice-involved adolescents reduce 12-month incidence of sexually transmitted infections?
Findings In this cluster randomized clinical trial of 460 adolescents, an intervention that included alcohol-and cannabis-related content was more successful at decreasing the incidence of sexually transmitted infections than an intervention that included sexual risk reduction content alone.
Meaning Behavioral interventions to reduce sexually transmitted infections among adolescents should include alcohol-and cannabis-related content.
Methods

Design and Setting
The study design was a cluster randomized clinical trial. Randomization occurred at the level of small same-sex clusters. Participants completed baseline assessments before randomization using a 1 
Sample
Participants were 460 adolescents residing at the detention facility at the time of recruitment. Eligibility criteria were (1) being aged 14 to 18 years, (2) being English-speaking, (3) having a remaining detention term of less than 1 month, and (4) signing a release granting access to STI results. Participants were paid $10 for baseline assessments, $20 for completing the intervention, and $50 for completing the 12-month follow-up. Figure 1 shows participant flow. Data were collected between July 1, 2010, and December 10, 2014; the trial was stopped when an adequate number of participants were recruited based on our power analyses and estimated attrition. Data analyses were conducted in July and August 2017.
Measurements STI Outcomes
Urine testing (using a nucleic acid amplification test) for men and women was used to diagnose Chlamydia trachomatis and Neisseria gonorrhoeae. Participants with laboratoryconfirmed C trachomatis and/or N gonorrhoeae were treated according to the Centers for Disease Control and Prevention's 2010 STD Treatment Guidelines (the guidelines in effect when the trial was conducted). 20 Directly observed therapy was provided by a medical staff member if treatment was given after baseline testing in the detention center; if treatment was given at the 12-month testing in the field, directly observed therapy was provided by a field research assistant who was supervised and trained by one of us, an adolescent medicine specialist (A.S.K.). Directly observed therapy included verifying medication allergy status, verifying the medication(s), watching the participant swallow the medication(s), educating the participant about symptoms that may indicate an adverse reaction to the medication and what to do, and observing the participant for adverse effects for 30 minutes.
Assessments
Before randomization, participants completed measures assessing demographic information, sexual history, substance use, sexual risk behavior, psychosocial history, and life history variables. 21 Demographic items included age, sex, and race/ ethnicity. Sexual history included age at first intercourse, number of unique sexual partners, lifetime and past 3 months' frequency of condom use, and lifetime and past 3 months' frequency of drinking or marijuana use during intercourse. Alcohol use included past 3 months' frequency of use, frequency of getting drunk, and typical number of drinks per drinking episode. Marijuana use included age at first use and how often the participant smoked marijuana during the past 3 months. Psychosocial factors were based on the core constructs of the TPB 5 and included assessments of attitudes toward condom use, perceived condom use norms, self-efficacy for condom use, and intention to use condoms. Finally, impulsivity was assessed with the 19-item Impulsive Sensation Seeking Scale. 22 Our goals for these assessments were to characterize the sample, test outcomes of the intervention on self-reported sexual risk behavior, and include a range of variables that might act as moderators of our main outcomes. Questionnaires were administered via audio computerassisted self-interviewing technology. 23 Participants completed follow-up assessments in person at a convenient community location. These assessments included the same self-reports of the past 3 months' sexual risk behavior and substance use as collected at baseline as well as a urine sample for STI testing and treatment following the same protocol used at baseline. Research assistants who collected follow-up data were blinded to participants' intervention condition.
Intervention Description
There were 145 intervention groups of up to 6 participants each.
Interventions took place in a single 3-hour session, approximately 2 weeks before participants' release from detention. The study was a cluster randomized clinical trial in which randomization occurred at the level of the cluster and, because groups were all male or all female, randomization was blocked by sex. Study recruitment was on a rolling basis as adolescents entered the detention facility. Once study personnel had obtained parental consent and participant assent for a minimum of 3 adolescents, an intervention was scheduled. Condition assignment was determined via a random number list generated at study initiation by the project postdoctoral research associate, who was not involved in intervention delivery or data collection. All 3 interventions were delivered using a single-session, single-sex group format led by a master's-level intervention leader trained in MI/MET and a trained research assistant. All interventions had identical structure and length (3 hours: 2 hours for the intervention and 1 hour for pretest and posttest assessments). In line with the principles of MI/MET, each session started with a brief introduction detailing confidentiality and its limits and establishing group rules. All elements followed the approach of MI/MET (focus on establishing common definitions and hearing the stories of the youths themselves; provision of norms; bolstering of self-affirmation; exploration of high-risk situations; and exploration of how one might change if one wanted to). Consistent with the TPB, activities were selected to increase positive attitudes toward condom use, perceived normative support for condom use, perceived behavioral control over and self-efficacy for engaging in condom use, and intention to use condoms in the future. The SRRI focused entirely on condom use. The SRRI + ETOH also targeted the role of the youth's own alcohol use as well as his or her partner's alcohol use in risky decision making generally and risky sexual behavior in particular. The SRRI + ETOH + THC targeted the role of the youth's own alcohol and cannabis use as well as his or her partner's alcohol and cannabis use in risky decision making generally and risky sexual behavior in particular. In line with MI/MET approaches more broadly 7 and group MI/MET adolescent interventions in particular, 24 ,25 all conditions were conducted in an MI/MET-consistent manner; that is, all content was presented and engaged in a "guiding" framework, where topics were brought up to the group by the session leader. However, most of the content was derived and discussed by the group themselves, with session leaders differentially reinforcing and emphasizing language in favor of positive health decision making (eg, more condom use, less alcohol use, and less cannabis use). All session leaders attended weekly supervision, and session content was reviewed by one of us (S.W.F.E.), an expert in MI/MET interventions, to ensure consistency with MI/MET approaches and prevent interventionist drift. Manuals were created for all 3 interventions to facilitate consistency across intervention leaders and sessions.
Statistical Analysis
Power Analysis Biological sample collection for STI testing was added to the trial as an exploratory outcome. The trial was powered based on the primary outcomes: self-reported condom use and risky sexual behavior. Power analysis was based on a Cohen d effect size of d = 0.30 and assumed a cluster intraclass correlation of 0.05 and a 2-tailed type I error rate of 0.05. The low intraclass correlation reflected the lack of previous contact or familiarity among group participants before the single-session intervention and was based on previous empirical work in the same population. 11 With an expected cluster size of 4, a minimum of 100 groups resulted in 80% power to detect Cohen d = 0.30 (400 total participants; approximately 133 per condition).
Data Analysis
An intent-to-treat approach was used for analyses. The STI diagnosis outcome was operationalized as a positive screening result for chlamydia and/or gonorrhea at the 12-month follow-up. This binary outcome reflecting STI diagnosis (1 = yes, 0 = no) was analyzed using a generalized mixed model with a logit link. A random effect was included to address group delivery of interventions, where cluster-level intercepts, but not cluster-level slopes, were modeled. The primary predictor was a dummy-coded intervention condition (SRRI + ETOH + THC reference). Results were interpreted as odds ratios (ORs) and 95% CIs. As an absolute measure of effect size, the risk difference 26 was calculated as the difference between the 2 proportions for each of the 2 pairwise contrasts of interest (SRRI + ETOH + THC vs SRRI and SRRI + ETOH + THC vs SRRI + ETOH), with 95% Wald asymptotic confidence limits.
Before estimating the primary model, the baseline equivalence of conditions was examined; a sensitivity analysis was conducted to address any lack of covariate balance between conditions. Potential bias due to missing data was assessed by examining the baseline covariate balance between participants retained vs those lost to follow-up. After confirming covariate balance between those retained vs lost to follow-up, complete case analysis was used as the primary data analysis approach given that the outcome reflected a medical diagnosis, but a sensitivity analysis using multiple imputation is also presented herein.
Results
The 30 showing that chlamydia is 3 to 4 times more prevalent than gonorrhea, chlamydia was more prevalent than gonorrhea in our sample. Of the 44 participants diagnosed with an STI at baseline, 35 (79.6%) were diagnosed with chlamydia, 6 (13.6%) with gonorrhea, and 3 (6.8%) with both. At follow-up, among the 31 participants diagnosed with an STI, 28 (90.3%) were diagnosed with chlamydia, 2 (6. 5%) with gonorrhea, and 1 (3.2%) with both.
Proportions of positive STI diagnosis were 12.4% for the SRRI condition, 10.2% for the SRRI + ETOH condition, and 3.9% for the SRR + ETOH + THC condition at follow-up (Figure 2) . Participants in the SRRI + ETOH + THC intervention had a lower incidence of STIs than those in the SRRI (odds ratio [OR], 0.29; 95% CI, 0.10-0.84; risk difference, 8.5%; 95% CI, 1.3%-15.6%) or SRRI + ETOH (OR, 0.36; 95% CI, 0.12-1.05; risk difference, 6.3%; 95% CI, 0.0003%-12.5%) interventions. Sensitivity analyses were conducted to verify the robustness of the reported findings. There was imbalance in Hispanic ethnicity across conditions. Although ethnicity was unrelated to STI diagnosis at 12 months and would not be expected to confound the relationship, the primary model was reestimated including Hispanic ethnicity as a model covariate. Results were equivalent to the primary modeling strategy (the OR comparing SRRI + ETOH + THC with SRRI changed from 0.29 to 0.30 [95% CI, 0.10-0.88]; the OR comparing SRRI + ETOH + THC with SRRI + ETOH changed from 0.36 to 0.38 [95% CI, 0.13-1.13]). A sensitivity analysis using multiple imputation that was conducted to supplement the reported complete case analysis also confirmed study conclusions (OR [95% CI]) comparing SRRI + ETOH + THC with SRRI and SRRI + ETOH + THC with SRRI + ETOH, respectively, were 0.35 (0.12-0.98) and 0.39 (0.14-1.06). Given the relatively few cases of gonorrhea in our sample, a final sensitivity analysis excluded those who were diagnosed with gonorrhea only, and conclusions were again unchanged.
Discussion
A MET-based intervention including theory-based sexual riskreduction and alcohol-and cannabis-related content was more effective at reducing STI incidence among justice-involved adolescents than an intervention using a similar format that did not include substance use content.
Limitations
Our study had some limitations. This study did not include a no-treatment control condition, and findings may have somewhat limited generalizability to adolescents who are not regular substance users or adolescents in the juvenile justice system in other regions of the United States.
Conclusions
Our results suggest that intervention effects are not linked solely to mode of delivery; instead, substance-use content may play a role in reducing sexual risk among this vulnerable population. This cost-effective, 31 easily disseminated intervention has real-world value for juvenile justice agencies. Scale is 1=a few times a year, 2=once a month, 3=once a week, 4=2-3 times a week, 5=4-5 times a week, 6=almost every day b Scale is 1=never, 2=almost never, 3=sometimes, 4=almost always, 5=always
